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Objective: Inflammation and thrombosis are recognized as interrelated biological processes. Both thrombomodulin (TM) and factor XIII-A (FXIII-A) are involved in inflammation and coagulation process. However, their role in the pathogenesis of diabetic nephropathy (DN) remains unclear. In vitro study, the liver X receptor (LXR) agonist T0901317 can up-regulate the expression of TM in glomerular endothelial cells. Now we evaluated the interaction between TM activation and FXIII-A and their effects against renal injury.

Methods: We first evaluated the serum levels of FXIII-A and TM and the expression of TM, LXR-α and FXIII-A in renal tissues of patients with biopsy-proven DN. We then analyzed the expression of TM, LXR-α and FXIII-A in renal tissues of db/db DN mice after upregulating TM expression via T0901317 or downregulating its expression via transfection of TM shRNA-loaded adenovirus. We also investigated the serum levels of Tumor necrosis factor (TNF)-α, Interleukin (IL)-6, creatinine, and urinary microalbumin level in db/db mice.

Results: Our study showed that elevations in serum levels of FXIII-A positively correlated to the serum levels of TM and were also associated with end-stage kidney disease in patients with DN. The number of TM+ cells in the renal tissues of patients with DN negatively correlated with the number of FXIII-A+ cells and positively correlated with the number of LXR-α+ cells and estimated glomerular filtration rate (eGFR), whereas the number of FXIII-A+ cells negatively correlated with the eGFR.

Conclusion: Thrombomodulin activation with T0901317 downregulated FXIII-A expression in the kidney tissue and alleviated renal injury in db/db mice.
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Introduction

Diabetic nephropathy (DN), as one of the leading causes of end stage kidney disease (ESKD), represents a heavy burden to people all over the world (1). Evidence suggests that inflammation plays a crucial role in the development of DN (2), characterized by oxidative stress and increased circulating inflammatory mediators (2–7). This accompanying inflammation leads to hypercoagulation and hypofibrinolysis, resulting in coagulopathies (4). Inflammation and thrombosis are increasingly recognized as interrelated biologic processes but their role in the pathogenesis of DN remains unclear (8, 9).

Factor XIII-A (FXIII-A) is a key factor involved in the final step in the formation of the fibrin network during coagulation (10). It is a transglutaminase that is composed of two A-subunits and two carrier B-subunits (FXIII-A2B2). The activation of FXIII by thrombin through cleavage of the activation peptide separates A and B subunits (11). FXIII-A is highly induced during the alternative activation of macrophages, while its expression is almost totally inhibited in response to stimuli inducing the classical activation pathway of coagulation (12). The selective expression of FXIII-A in M2 macrophages is in line with the capacity of this transglutaminase to act as an anti-inflammatory molecule (12). Thrombomodulin (TM) is involved in the clotting process and shows an anti-inflammatory effect in diabetic mice (13). TM is known to bind to thrombin on the endothelial cell surface and catalyzes activation of protein C, thus protecting cells from thrombus formation (13). Importantly, TM could influence FXIII-A activation by direct and indirect mechanisms (14). However, the role of TM interacting with FXIII-A against DN is largely unknown.

We recently revealed that activation of liver X receptor (LXR), by its agonist T0901317, can up-regulate the expression of TM in glomerular endothelial cells (15). T0901317 might inhibit the secretion of inflammatory mediators by regulation of competitive binding between NF-κB p65 and p300 (15). In this study, we evaluated the serum levels of FXIII-A and TM, the expression of TM, LXR-α and FXIII-A in the renal tissue of patients with type 2 diabetic nephropathy. In addition, we investigated the effects of T0901317 on TM activation upon renal inflammation and the expression of FXIII-A using db/db diabetic mice. We aimed to reveal the interaction between FXIII-A and TM activation and their protective effects against renal injury in db/db mice after up-regulating/down-regulating TM expression.



Methods


Patients

The diagnosis and classification of diabetes mellitus (DM) was based on the criteria of the American Diabetes Association (ADA) (16). DN was biopsy-proven diagnosis according to the standards of the Renal Pathology Society (RPS) in 2010 (16). Formalin-fixed, paraffin-embedded renal tissues obtained from core needle biopsies of patients with DN (n = 95) between 2014 and 2020 at Renal Division and Institute of Nephrology, Sichuan Provincial People's Hospital were included in this study. Subjects with primary kidney disease, secondary kidney disease due to other causes, superimposed systemic diseases, infection and blood system diseases were excluded. Patients with acute inflammatory disease, such as fever, urinary tract infection, pneumonia and sepsis, were also excluded. The other fifteen normal renal tissue specimen, taken from patients with traumatic renal injury or renal tumors, were used as the control group. Serum and 24-h urine specimen before renal biopsy were collected and preserved in a refrigerator at −80°C.



Clinical characteristics

Clinical information was collected from electronic medical records at the time of the renal biopsy. An estimated glomerular filtration rate (e-GFR) was calculated using the creatinine-based Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI). The level of serum fibrinogen was measured using the commercial assay kit based upon the clotting method of Von Clauss (17) with normal reference range of 1.8–3.5 g/L. The concentration of serum TM in DN patients and healthy control was measured by the ELISA. At the start of monitoring, the serum FXIII-A level was measured and patients with DN were divided into two groups: one with high (>658 pg/ml, mean + 2 SDs of healthy controls) FXIII-A level (n = 35, 777.63 ± 89.20 pg/ml) and another with normal FXIII-A level (<658 pg/ml; n = 60, 549.60 ± 87.66 pg/ml).



Ad-TM shRNA construct

The 72 nt oligonucleotide encoding mouse TM shRNA was inserted into the BamHI and EcoRI sites of the shuttle plasmid pHBAd-U6-GFP to build the pHBAd-U6-GFP-TM shRNA plasmid. Then the shuttle plasmid pHBAd-U6-GFP-TM shRNA was checked through DNA sequencing after restriction enzyme treatment. Confocal and RT-PCR detected the expression of TM following the transfection of AD293 cells with pHBAd-U6-GFP-TM shRNA. A control adenovirus containing GFP tag was used as the Ad-Ctrl shRNA. It was similarly generated as pHBAd-U6-GFP- TM shRNA.



Animals and drug treatment

Male db/db mice (C57BLKsJ background) aged from 6 to 8 weeks were obtained from the Junke Bioengineering Co., Nanjing, China. According to previous studies, db/db mice with blood glucose levels higher than 400 mg/dl for the ages between 6 and 8 weeks could be considered as diabetic mice (18). In this study, we observed that serum creatinine and urinary microalbumin levels significantly elevated in db/db mice aged 12 weeks when compared with wild type C57Bl/6 mice. Furthermore, the 12 weeks old db/db mice presented typical pathological changes of renal damage such as increased glomerular volume and extracellular matrix, and hyperplasia of mesangial cells. Thus, db/db mice aged 12 weeks demonstrated significant DN features. We set the observation time to 4 weeks for db/db mice aged 8–12 weeks. In our preliminary experiment, the wild type mice were treated with 2.5 × 109 pfu and 1.25 × 109 pfu Ad-TM shRNA by i.v. retrospectively. The wild type mice were also orally treated with 0.1, 0.25, and 0.5 mg/kg/day LXR agonist T0901317(#T2320, Sigma-Aldrich, St.Louis, USA). We found that 2.5 × 109 pfu Ad-TM shRNA could lower the expression of TM, whereas 0.5 mg/kg/day T0901317 could increase the expression of TM. Therefore, we chose 2.5 × 109 pfu Ad-TM shRNA injection and 0.5 mg/kg/day T0901317 gavage in this experiment. Twenty-four male db/db mice were randomly assigned to four groups (n = 6): diabetic control (diabetic ctrl) group, Ad-ctrl group, T0901317 group and Ad-TM shRNA group. For Ad-ctrl group, Ad-ctrl shRNA was intravenously injected into each db/db mouse in a single dose of 2.5 × 109 PFU with volume at 50 μl. For Ad-TM shRNA group, Ad-TM shRNA was also intravenously injected into each db/db mouse in a single dose of 2.5 × 109 PFU with volume at 50 μl. For T0901317 group, the db/db mice were orally treated with 0.5 mg/kg/day T0901317 once per day for 7 days. Male wild C57BL6 mice of the same age and DN control mice were given 50 μl of physiological saline by gastric perfusion once per day for 7 days. 4 weeks after Ad-TM shRNA injection, all the mice were euthanised, and all renal tissues, serum samples and urine samples were collected.



ELISA detection

The concentrations of serum TM and FXIII-A in DN patients and healthy control were measured using the TM (ZC-M6306, Shanghai Zhuocai Biotechnology Co., Ltd., China), FXIII-A ELISA kit (ZC-33330, Shanghai Zhuocai Biotechnology Co., Ltd., China) as per the instructions of the manufacturer. The serum levels of TNF-α and IL-6 in murine were measured by TNF-α ELISA kit (CSB-E04741, Wuhan Huamei Company, China) and IL-6 ELISA kit (CSB-E04639, Wuhan Huamei Company, China) following the instructions offered by the manufacturer.



Western blot assay

Samples from murine kidney tissues were lysed and quantified by Bradford assay. Twenty micrograms of protein samples were boiled at 100°C for 5 min after being mixed with an equal volume of 2×SDS sample buffer. The samples were separated by SDS-polyacrylamide gel electrophoresis and transferred to PVDF membranes (Thermofisher Scientific). The membranes were incubated with primary antibodies against β-actin (1:20,000), TM (1:1,000, ab109189, Abcam Company), LXR-α (1:1,000, ab176323, Abcam Company) and FXIII-A (1:10,000, 76105, Beijing Zhongshan Jinqiao biological Co., Ltd., China).



Detection of immunohistochemical staining

For immunohistochemistry staining, the dewaxed and hydrated 2 μm renal tissue sections were incubated in 3% H2O2. The sections were washed with PBS (pH7.2–7.4) for 5 min, 3 times. After the sections were blocked with 5% BSA for 30 min, they were incubated with primary antibodies against TM (1:100, ab109189, Abcam Company), LXR-α (1:100, ab176323, Abcam Company) and FXIII-A (1:500, 76105, Beijing Zhongshan Jinqiao biological Co., Ltd., China). After wards, the sections were washed with PBS (pH7.2–7.4) 3 times for 5 min/time, and stained with Polink-2 plus Polymer HRP Detection System (PV-9001/9002, ZSGB-Bio, China). The histological sections were assessed by a certified pathologist without knowledge of the treatment groups.



Immunohistochemical assessment of kidney

The staining intensity of TM in glomeruli or tubular interstitium can be divided into the following grades: 0, negative; 1+, positive in < 25% of capillary loop or interstitium; 2+, positive in 25–50% of capillary loop or interstitium; 3+, positive in 50–75% of capillary loop or interstitium and 4+, positive in 75% of capillary loop or interstitium. The average value of 10 glomerulus or tubular interstitium in each section was taken as the staining intensity of TM in the glomerulus or tubular interstitium of the patient, respectively. The staining intensity of LXR-α in the kidney tissue was divided into the following grades: 0, negative; 1, weakly positive; grade 2, moderately positive; grade 3, strongly positive. Ten fields were analyzed, and the results were expressed as the mean ± SD. The numbers of FXIII-A+ cells in the glomerular infiltrate were expressed as the numbers of positive cells per glomerulus. Scores of 0 = 0 positive cells, 1 = 1–4 cells, 2 = 5–10 cells, and 3 > 10 cells were applied. The numbers of FXIII-A+ cells in tubular interstitium were semi-quantitatively evaluated on a scale from 0 to 4+ (0, absent staining; 1+, moderately strong staining in < 25% of cells; 2+, strong staining in 25–50% of cells; 3+, very strong staining in 50–75% of cells; and 4+, very strong staining in 75% of cells). Histopathological evaluation was performed by an investigator who was not aware of the data (19).



Statistical analysis

Statistical analysis was performed with the SPSS software system (SPSS for Windows, version 25.0; SPSS Inc., Chicago, IL). Parametric data were statistically analyzed by one-way ANOVA. Differences in non-parametric data were evaluated by the Mann-Whitney U-test. Correlation analysis was conducted using the Spearman test for nonparametric data. Data were expressed as means ± SD. A statistically significant difference was defined as p < 0.05.




Results


Characteristics of DN patients at the time of renal biopsy

Ninety five patients enrolled in this study, their baseline characteristics were shown in Table 1. The serum levels of TM was 4.89 ± 0.91 ng/ml in normal serum FXIII-A level group and 7.62 ± 1.48 ng/ml in high serum FXIII-A level group. During the follow-up 1 year later, the percentage of patients who progressed to end-stage kidney disease (ESKD) from baseline was 16.7% in normal FXIII-A group and 40.0% in high FXIII-A group (Table 1).


TABLE 1 Clinical features of DN patients with different serum FXIII-A levels at baseline.
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Clinical features associated with high level of FXIII-A

The plasm FXIII-A level and TM level were 410.2 ± 124.02 pg/ml and 3.12 ± 0.68 ng/ml in healthy control, respectively. The plasm FXIII-A level and TM level were 633.61 ± 141.17 pg/ml and 5.90 ± 1.75 ng/ml in DN patients, respectively. Both the expression level of plasm FXIII-A and TM in DN patients was significantly higher than that of healthy control (p < 0.01). Furthermore, a higher serum TM, creatinine, fibrinogen level, lower e-GFR and hemoglobin level were observed in higher FXIII-A level compared with normal FXIII-A level groups (p < 0.05). However, there were no significant associations of serum FXIII-A concentration with age, duration of diabetes, diabetic retinopathy, body mass index (BMI), HbA1c, serum total cholesterol and triglycerides level, amounts of proteinuria, serum albumin level and percentage of hypertension and renin-angiotensinaldosterone system (RAAS) inhibitor use (Table 1). Moreover, the serum FXIII-A level had significant positive correlations with serum TM (r = 0.56, p < 0.01 Figure 1A), but a negative correlation with e-GFR (r = −0.45, p < 0.01; Figure 1B).


[image: Figure 1]
FIGURE 1
 Correlations of serum FXIII-A levels with (A) serum TM levels and (B) eGFR among patients with DN.




The expression of TM, LXR-α, and FXIII-A in renal tissue of DN patients

TM+ cells predominated at sites in glomerular capillaries and peritubular capillaries (Figure 1A). LXR-α+ cells were mainly observed in renal tubular epithelial cells and glomerular cells (Figure 2A). FXIII-A+ cells were occasionally expressed in normal kidney tissue, but there were numerous FXIII-A+ cells in glomeruli and tubulointerstitial tissue of DN patients (Figure 1A). The numbers of TM+ cells and LXR-α+ were decreased, whilst the number of FXIII-A+ cells was increased in the kidneys of DN patients when compared with that in healthy kidneys (Figures 2B, C). In the negative controls, TM, LXR-α and FXIII-A staining was all negative.


[image: Figure 2]
FIGURE 2
 The expression of TM, LXR-α and FXIII-A in the renal tissue of DN patients. (A) Representative images of immunohistochemical staining of TM, LXR-α, and FXIII-A. Scale bar = 20 μm. (B, C) Score of positive staining for TM, LXR-α and FXIII-A in the kidney tissue (n = 15, mean ± SEM). *p < 0.05 compared with the Control group.




Correlation of the number of TM+, LXR-α+, and FXIII-A+ cells in kidney tissue with 24 h urinary protein quantification and eGFR values in DN patients

The number of TM+ cells, LXR-α+ cells and FXIII-A+ cells in DN kidney tissue had no correlation with 24 h urinary protein excretion. The eGFR level at the time of renal biopsy showed positive correlations with the TM+ cells and LXR-a+ cells scores, but a negative correlation with the FXIII-A+ cells scores both in the glomerular and in the tubulointerstitial tissue (Table 2).


TABLE 2 Correlation analysis between TM+, LXR-α+, FXIII-A+ cells with eGFR level in DN patients.
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The expression of TM, LXR-α, and FXIII-A in db/db mice

TM+ cells were mainly observed in glomerular capillaries and peritubular capillaries, while LXR-α+ cells were mainly observed in renal tubular epithelial cell and glomerular cells by immunoperoxidase staining (Figure 3A). FXIII-A was occasionally expressed in normal kidney tissue, but there were numerous FXIII-A+ cells both in glomeruli and in tubulointerstitial tissue of db/db mice (Figure 3A). Compared with wild mice, the expression of FXIII-A+ cells was increased in both the db/db Ctrl group and the db/db Ad-Ctrl group. Compared with db/db mice, Ad-TM shRNA increased the expression of FXIII-A in renal tissue of db/db mice. However, T0901317 inhibited the positive expression of FXIII-A in renal tissue of db/db mice (Figures 3B, C). Both immunoperoxidase staining and western blotting analysis revealed that TM and LXR-α protein expression in the kidney was significantly downregulated in the db/db ctrl group and db/db Ad-ctrl group compared with the mild mice group (Figures 3B–D). T0901317 increased the protein expression of TM and LXR-α and decreased the FXIII-A protein expression in the kidney of db/db mice (Figures 3B–D).


[image: Figure 3]
FIGURE 3
 The expression of TM, LXR-α and FXIII-A detected by immunohistochemical staining and western blot in db/db mice and wild mice. db/db mice were divided into four groups: DN; Ad-ctrl+DN; T0901317+DN and Ad-TM shRNA+DN. The wild mice were as control. (A) Representative images of immunohistochemical staining of TM, LXR-α and FXIII-A. Scale bar = 20 μm. (B, C) Score of positive staining for TM, LXR-α and FXIII-A in the kidney tissue (n = 6, mean ± SEM). *p < 0.05 compared with the WT group. #p < 0.05 compared with the DN group and Ad-ctrl+DN group. (D) The expression of TM, LXR-α and FXIII-A detected by western blot in db/db mice and wild mice.




T0901317 inhibited inflammation in db/db mice

Compared with the wild mice, the serum TNF-α and serum IL-6 level was increased both in db/db Ctrl group and db/db Ad-Ctrl group. Ad-TM shRNA increased the serum TNF-α and IL-6 level. However, T0901317 inhibited the serum TNF-α and IL-6 level (Figure 4).


[image: Figure 4]
FIGURE 4
 The level of serum TNF-α and serum IL-6 in db/db mice and wild mice (n = 6, mean ± SEM). *p < 0.05 compared with the WT group. #p < 0.05 compared with the DN group and Ad-ctrl+DN group.




LXR agonist T0901317 attenuated renal injury in db/db mice

Compared with the wild mice, urinary microalbumin and serum creatinine (Scr) level was increased both in db/db Ctrl group and db/db Ad-Ctrl group. Ad-TM shRNA injection increased the urinary microalbumin and serum creatinine level, whereas T0901317 administration attenuated urinary microalbumin and serum creatinine level in db/db mice (Table 3).


TABLE 3 LXR agonist T0901317 improves renal injury in db/db mice (n = 6, [image: image] ± s).
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Discussion

Inflammation and thrombosis are increasingly recognized as interrelated biological processes but their role in the pathogenesis of DN is still unclear (8, 9). Due to the important role of TM and FXIII-A in inflammation and coagulation process, we aimed to reveal the interaction between FXIII-A and TM activation and their effects to against DN.

First, the association between FXIII-A, TM, clinical features and renal prognosis in patients with T2DM and biopsy-proven DN was explored. Our results indicated that the elevated serum FXIII-A level was positively correlated to the serum TM level. During the follow-up 1 year later, the percentage of patients who progressed to ESKD from baseline was 16.7% in normal FXIII-A group and 40.0% in high FXIII-A group. These results indicated that the elevated serum FXIII-A level maybe associated with progression to ESKD in patients with DN. The number of TM+ cells in the kidney tissue of DN patients was negatively correlated with the number of FXIII-A+ cells, but positively correlated to eGFR, while the number of FXIII-A+ cells was negatively correlated to their eGFR. Our study indicated that FXIII-A may interact with TM and participate in the pathogenesis of DN. A previous study identified a possible connection between FXIII-A and type 2 diabetes in a mouse model with obesity-induced chronic low-grade inflammation (20). TM could influence FXIII activation by a direct and indirect mechanism (14, 15). It competes with fibrin for the binding of exosite 1 in thrombin. As the binding of fibrin to certain amino acid side-chains present in exosite 1 is essential to its cofactor activity on FXIII-A truncation by thrombin, TM inhibits the acceleration of FXIII activation on the surface of fibrin (14). An additional indirect mechanism, by which TM influences FXIII activation, operates through enhancing the thrombin-induced activation of protein C. Activated protein C proteolytically cleaves FVa and FXIII-A and down-regulates the promotion of thrombin generation by these activated clotting factors. Then, impaired thrombin generation might lead to decreased/delayed activation of FXIII (14). In this study, the expression of FXIII-A in the kidney tissue was decreased after TM knockdown in db/db mice and the number of TM+ cells in the kidney of DN patients was negatively correlated with the number of FXIII-A+ cells. Our findings suggest that TM may interact with FXIII-A in DN.

In the presence of Ca2+, the truncated FXIIIA2B2 dimer dissociates from the inhibitory B subunits and becomes an active transglutaminase (FXIII-A) (21). FXIII-A acts in the end stages of blood clotting to cross-link and stabilize deposited fibrin. FXIII-A also has novel implications in multiple processes (18, 22), including bacterial entrapment (23), wound healing through effects on angiogenesis (24–26), tightening of the endothelial barrier (27, 28), potential regulation of immune functions like phagocytosis, migration and survival (29). According to previous reports, the selective expression of FXIII-A in M2 macrophages is in line with the capacity of this transglutaminase to act as an anti-inflammatory molecule (28). However in our study, the number of FXIII-A+ cells were found negatively correlated to eGFR in DN patients. Ad-TM shRNA increased the expression of FXIII-A+ cells in renal tissue of db/db mice. These findings indicate that renal tissue expressed FXIII-A is in line with the degree of renal injury. As FXIII-A is a key factor that is involved in the final step in the formation of fibrin network during coagulation cascade (11), an increase in cellular FXIII-A levels may impact deposition of fibrin in the extracellular spaces and hence accelerate kidney injury in DN.

Secondly, the impact of TM activation on FXIII-A expression, inflammatory response and renal injury in db/db mice was assessed. TM expression was up-regulated with LXR agonist T0901317 and down-regulated by Ad-TM shRNA in db/db mice. Our study showed that T0901317 decreased the FXIII-A expression in the kidney, and decreased the serum TNF-α and IL-6 levels. T0901317 also decreased urinary microalbumin and serum creatinine levels in db/db mice. Ad-TM shRNA injection aggravated the FXIII-A expression and inflammation in the kidneys in db/db mice, and pathologically intensified the degree of renal injury in db/db mice. Collectively, these data suggest that TM activation driven by LXR agonist attenuates renal inflammation and improves kidney injury in DN.

TM mainly expressed in the membrane of endothelial cells, protects cells from thrombus formation and activates protein C synthesis against inflammation (30). Up-regulation of TM might be a potential therapy for microvascular diseases induced by inflammation in DN (31). Previous studies demonstrated that naturally abundant compounds might regulate TM hence protect endothelial cells against inflammation, but it did not work out in DN (32, 33). There are two main members in LXR family, LXR-α, and LXR-β. LXR-α always exists in cholesterol metabolizing tissues including kidney, liver, macrophages and fat. LXR-β often widely exists in various organs and tissues (34). In a previous study, we have revealed that LXR agonist T0901317 up-regulates the expression of TM in glomerular endothelial cells and reduces the secretion of inflammatory mediators in vitro (15). In this study, we found that LXR-α+ cells were mainly observed in renal tubular epithelial cell and glomerular cells both in DN patients and db/db mice. TM-positive cells were mainly observed in glomerular capillaries and peritubular capillaries both in DN patients and db/db mice. The expression sites of TM and LXR were close to each other, suggesting that they may interact with each other in vivo. Our study demostrated that LXR agonist T0901317 increased the expression of TM in the renal tissue of db/db mice. These findings indicate that T0901317 up-regulates TM expression in vivo. As the T0901317 increased TM expression, and the TM promoter analyses did not reveal the presence of any putative LXR response elements, the inhibition of TM transcription by the LXR agonist T0901317 may involve an indirect mechanism through the regulation of other transcription factors that support TM transcription.



The limitations and strengths of the study

To our knowledge, this is the first study assessing the interaction between FXIII-A and TM activation and their protective effects against renal injury in db/db mice after up-regulating/down-regulating TM expression. However, this study has several limitations. Firstly, this study is a retrospective study with a limited sample size, selection bias and potential confounders may exist, which could have impacts on study results. Secondly, the serum FXIII-A, TM and fibrinogen levels were only measured once at baseline, sequential measurements during the follow up would help to further investigate their associations with ESKD due to DN. Thirdly, potential therapeutic interventions (such as the hypoglycaemic agents with renoprotective effects) during follow-up were not adjusted, which may confound the results.

In summary, this study adds the current literature by providing evidence that serum FXIII-A is associated with TM, and a high FXIII-A level maybe an risk factor for DN progression to ESKD in patients with T2DM. TM activation driven by LXR-α agonist protects against renal injury in db/db mice and is associated with down-regulated FXIII-A expression and decreased levels of inflammatory mediators in db/db mice. Our results suggest that FXIII-A and TM, which are involved in coagulation and inflammation process, may interact with and participate in the pathogenesis of diabetic nephropathy. These findings provide experimental evidence to target interactions between FXIII-A and TM activation as a potential therapeutic strategy against DN.
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GER (>15 ml/min/1.73 m?) 55.63 3076 70.98 % 30.30 0.020
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Data are presented as the mean = standard SBR, Systolic blood pressure; DBP, Diastolic blood pressure; e-GFR, estimated glomerular filtration rate; BMI, Body mass index; HbALc,
glycosylated hemoglobin; RAAS, Renin-angiotensin-aldosterone system; ESKD, end-stage kidney disease.
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